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[bookmark: _45tqjzg9a5e5]Robotics optimize order fulfillment, inventory management, and cleaning 
Retailers are increasingly seeking to improve operational efficiency through robots to carry out tasks such as online order fulfilment operations, inventory management, cleaning, and customer assistance. Pressure to enter the e-commerce market, optimize efficiency, and increase sales, drives demand for retail robots. Advancement in sensor technology and retail availability of advanced chips facilitates adoption of these technologies. The Covid-19 pandemic has further fueled adoption of retail robots as a solution for improving in-store sanitation and inventory management with minimal employee contact.
Autonomous and semi-autonomous robotics are used in the retail industry for automated micro-fulfillment operations, inventory management, cleaning, and customer assistance, among other applications. Industry players are focused largely on improving operational efficiency and, to a lesser extent, on improving customer experience. The industry has both fully fledged operators specializing in hardware and system, as well as pure play, specialized autonomous system providers.
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[bookmark: _qrnv20tuizld]Robot usage landscape in retail industries
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The new generation of retail robots expands upon the routine industrial task capabilities of previous technologies, implementing smart sensors, cloud-based data processing, and artificial intelligence (AI)-driven decision making for navigation, pickup, and customer interaction. Continuous data aggregation on operational environments and consumer behavior improves decision making practices across the supply chain.

[bookmark: _vm72kad9w699]Advancement in sensor technology and retail availability of AI chips enables vast deployment of retail robots
Autonomous retail robots rely on several types of sensor technologies such as LiDAR, odometry, and 3D-sensing RGB cameras. Improvements in sensor technology and its gains in scale economies over the past decade have lowered its costs drastically. For example, the cost of LiDAR fell to as low as  USD 100 in 2020 from USD 80,000 in 2007.
Autonomous robots process myriad inputs in real time. Sensors gather data to make task related decisions, such as navigation of physical environments. The function is handled by specialized computer devices installed in the robots (known as “edge AI chips”; e.g. Nvidia TX series and Huawei Ascend 910). For example, “Whiz”, the autonomous vacuum cleaner, jointly developed by SoftBank Robotics and Brain Corp, uses an Nvidia Jetson TX2 AI chip and “Tally”, the autonomous inventory robot by Simbe Robotics uses Intel “RealSense” technology which helps understand the retail environment in 3D.  According to a study by IBM Corporation, the adoption of AI in retail and consumer products is expected to increase to 80% in 2021 from 40% in 2019. Furthermore, AI in retail markets is expected to reach USD 57.8 billion by 2030, at a CAGR of 41% from 2023 to 2030.
[bookmark: _phtsuvm28bd]Robots-as-a-Service model emerges among retail robotics vendors 
The robotics operators covered in this report have traditionally relied on “Outright sales plus maintenance contracts” for revenue generation. Players are increasingly adopting a Robots-as-a-Service (RaaS) model, mirroring the trend in the wider robotics industry. Fabric, whose RaaS model offers customers access to pre-built micro-fulfillment centers for a fee, based on the capacity requirements. Brain Corp currently applies both models; Whiz sales are based on a RaaS model, while BrainOS used in ICE ES26 scrubbing robots are priced for outright purchase at USD 18,000. 
A key constraint for most retailers in robotics adoption is breaking free from the budget cycle and adjusting their annual allocation for capital spending. Under the RaaS model, retailers and hotels can deploy robots without incurring upfront capital costs, instead spreading the cost along a robot’s lifespan. The RaaS model also provides an opportunity for retailers to minimize the risk of adopting new technology, making it particularly attractive to mid-sized retailers. 
Both models are likely to prevail, with large retailers preferring to purchase outright and have long-term partnerships with robotics companies and small and medium enterprise (SME) retailers preferring the RaaS model. 
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[bookmark: _mcz3z0wxk132]Driving Factors
[bookmark: _l0f3bfk1bvi4]1. SME retail operators face pressure to enter e-commerce 
Rapid growth in e-commerce is a key driver for adoption of efficient micro-fulfillment centers. In the US,. Ecommerce retail sales increased at a compound annual growth rate (CAGR) of 15.9% from 2012–2021 to USD 871 billion in 2021, accounting for 11.8% of total retail sales. 
Within ecommerce growth, online grocery ordering, although a relatively late entry, has gained recent traction. The number of US grocery locations taking online orders for same day delivery or curbside pickup passed 17,000 by end of 2019, up nearly fivefold from 2017. In 2021, the online share of grocery spending reached nearly 13% with more than 70% of the US households ordering groceries online at least once.
Major retailers such as Walmart, Target, and Kroger lead online sales in the grocery segment. Pressure among SME retailers to adopt e-commerce has created solid demand for micro-fulfillment operations–an off-the-shelf solution with minimal incremental costs, with major retailers such as Walmart, Kroger, and Ahold Delhaize announcing plans to utilize micro fulfillment centers at scale.


[bookmark: _4h6kqfeg3o5q]Number of locations offering curbside pickup and same-day delivery up exponentially 
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[bookmark: _iqhyrfp6eqy9]2. Rising labor costs and labor shortages in the retail industry
The US retail sector was among the main industries affected by labor shortages as it faced over 700,000 resignations from retail positions in November 2021. Deloitte estimates one million unfilled jobs in the US retail sector in 2022. Meanwhile, the overall demand for retail services has increased. The annual retail sales grew 7% YoY in 2022, with major US-headquartered retailers opening 7,860 stores within the year.
Accordingly, the industry also faces rising labor costs. As per Deloitte, 83% of retailers claimed that they had to incur additional heavy costs in recruiting new employees and retaining them due to the labor shortages and resignations. Retail robots are an attractive value proposition for retailers because the robots will achieve higher efficiencies driving reductions of labor costs. Robots complete tasks quicker and more accurately, with less fatigue than humans, thereby driving efficiency and being especially superior in 24/7 retail formats. To illustrate:
· Inventory management robot by Badger Technologies is estimated to achieve incremental cost savings of around USD 50,000 per year per store and a five times accuracy improvement. 
· Users of Tally inventory robots have seen approximately 25% higher profits due to cost savings. Tally claims to be 99% accurate in stock audits versus 65% accuracy in manual stock audits.
· Four units of the robot Whiz can bring annual cost savings of USD 24,000 to USD 48,000 for a store of 250,000 sq ft (assuming janitorial labor cost of USD 15 per hour).
[bookmark: _pp3xzvjfxx08]3. Positive impact on sales owing to improved customer experience
Staff spend more than 50% of their time on average in back office, restocking and replenishment tasks in mass market retail stores such as supermarkets. Implementing robotics allows retailers to allocate those employees toward other roles such as customer support to drive sales volumes.
Staff share of time usage at supermarkets 
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[bookmark: _r969mfs2vik]4. Recapture of sales lost from stocking inefficiencies
As reported in 2015, retailers lose an estimated 7.3% of sales (approximately USD 250 billion) in North America due to overstock and out-of-stock inefficiencies. Consumers who turned to Amazon after learning their local store was out of stock accounted for an estimated 24% of Amazon’s North America revenue according to a study conducted in May 2018. Around 44% of such losses arise from employee mistakes/negligence, a lack of systematic measuring of stocks, and communication errors. Inventory tracking robots can address these issues powerfully and help retailers recapture such lost sales. Badger Technologies estimates its inventory robot helps recapture some USD 0.15 million worth of sales per year per unit. Simbe Robotics also estimates that its Tally robot can improve annual sales by around 2% through better data and improved store execution.
[bookmark: _kzdg3mm3kfnl]Risks to Growth
[bookmark: _p7r4z1b0x5mk]1. Risk of security breach
The vast data collected by robots related to operations, inventory, and customer behavior exposes the end client and the robotics service provider to risk of security breaches through system hacking. Potential consequences include theft of confidential information and disruptions to operational flow. In the past, retailers such as Home Depot and Target have faced incidents where hackers have accessed payment card data belonging to millions of customers. 
[bookmark: _4wnw5lc16zfn]2. Potentially insufficient safety standards in robot-human collaborations
The deployment of robots working alongside humans, known as collaborative robots, poses a safety risk. Although retail environments are relatively less hazardous than industrial ones, retail robots engage with humans more closely. In 2018, an accident caused by a robot deployed at an Amazon fulfillment center led to the hospitalization of 24 workers. 
Maintaining safety protocol is required. Thus far, the International Standards Organization’s (ISO’s) safety standards are defined only for non-mobile collaborative robots, while the closest guide for the safe operation of mobile robots is the ANSI/ITSDF B56.5-2012 Safety Standard for Driverless, Automatic Guided Industrial Vehicles, and Automated Functions of Manned Industrial Vehicles. The lack of a properly regulated standard scheme could affect operational flow.
[bookmark: _fpjsr8nf75ud]3. Lack of continuity plans
Dependence on robotics requires effective emergency procedures. Such plans should consider access to spare parts, speed of repair, and management of agreements with solutions providers. The Covid-19 pandemic highlights the significance of business continuity plans and their need for testing. 

[bookmark: _6798qkaekpgt]4. Challenges in integrating robots with current workflows
It is not practical for retailers to fully automate all aspects of operations in one go, which needs a gradual shift. In doing so, retailers could find it difficult to integrate robotics with current manual operations. For example, Walmart discontinued its use of Bossa Nova shelf scanning robots in 2020. The exact reason was not revealed however, it was reported that Walmart found workers walking in the isles to prepare online orders could perform the inventory scanning task, making robot work redundant. 
Further, integrating robotics into existing retail operations also can be a complex process. Companies need to ensure that robotic systems seamlessly integrate with their existing software, inventory management systems, and supply chain processes. Compatibility issues and technical challenges may arise during the integration process, requiring additional time and resources to address.
Another key challenge robots face is the inability to adapt to the dynamic retail environment. In 2017, a Knightscope security robot deployed at a shopping center in California faced challenges navigating a set of stairs; this highlighted the importance of designing robots with the flexibility and adaptability to handle different environments and scenarios.
[bookmark: _rdfo0kaw0bnl]5. Human reluctance to accept a robot worker
Certain incidents, such as accidents in Amazon warehouses, have resulted in skepticism toward robotic solutions from retail workers. Further, robots in customer-facing roles are sometimes faced with negative reception by customers that prefer a more personal level of interaction. A 2023 survey revealed that the service evaluations by customers are more negative when the service provider is a bot compared to a human, even when the service provided is identical. 
Further, the complex nature of customer queries and technical limitations may result in instances where a robotic employee cannot provide the same level of service quality as a human worker. In a 2018 experiment, a customized version of SoftBank's “Pepper” humanoid robot was deployed in a Scottish grocery chain. It was revealed that the majority of customers did not want to interact with the robotic worker, resulting in customer annoyance as the robot was reportedly not able to provide more specific instructions or decipher customer queries because of background noise. 
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